The PDF file includes: Table S1 . Estimated physical parameters of the 100-m world record holder sprinter Usain Bolt. Legend for movie S1 References (50-53)
Other Supplementary Material for this manuscript includes the following:
(available at advances.sciencemag.org/cgi/content/full/6/13/eaay1950/DC1) Movie S1 (.mp4 format). Augmented running. Table S1 . Estimated physical parameters of the 100-m world record holder sprinter Usain Bolt.
a The leg moment of inertia J = m leg r 2 = 0.029Ml 2 0 = 3 kgm 2 is calculated using the mass of the leg m leg and the radius of gyration r = 0.41l 0 , see (50) Table 4 .
b The air resistance coefficient is calculated using the empirical formula c air = 0.056g × 0.146h 2 = 0.31 kg/m proposed in (17) pages 381-382, where g is the gravitational acceleration (in m/s
2 ) and h is the height of the runner (in m). The plot on the right shows: 1 the collisional energy loss at touchdown, 2 the energy provided by the spring to increase the running speed, 3 the energy loss at takeoff, as the spring is not allowed to extend by a hard stop (Fig. S1) , and 4 the energy loss due to air resistance. (D) Energy supplied by the human in the air (red), and the energy released by the spring on the ground (blue and green). (E) Stiffness of the spring and the active length of the variable stiffness spring. (F) Force provided by the spring during ground contact. The force has a bell shape resembling the force profile in high speed natural human running. Error between the exact and the approximate spring force:
, where the exact force is F x,y (Δx, y td ) roximate force isF x,y (Δx) Although the error in the horizontal force is relatively large, 10%, the work done by this force is the same as the work done by the horizontal force before approximation:
F x (Δx, y td )dΔx = E spr , see Eqs. 23 and 22. Consequently, the 10% error in the horizontal force has no effect on the total change of the horizontal velocity. Poincaré return map at the fixed point. The latter plot shows the eigenvalue of the fixed point estimated numerically using the simulated data of the non-linear model, and the eigenvalue calculated using the approximate analytical formula according to the simple spring-mass model the magnitude of the eigenvalue is less than unity. Therefore, the augmented running motion is locally orbitally stable for perturbations that do not require the legs to swing faster than the maximal stepping frequency f ≤ f max Motion of the body at the top speed of augmented running. We observe vertical leg touchdown at the top speed. The augmented running motion has an asymmetric ground contact phase which is necessary to supply energy in the horizontal direction to overcome air resistance. 
